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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to scanning 
confocal microscopes and, more particularly, to micro- 
scopes ot this kind that process data acquired by scan- 
ning a sample with ultraviolet light and detecting the re- 
sulting fluorescence and that provide a continuous dis- 
play of scan data. 

2. Description of Related Art 

In the scientific fields of physiology, cytobiology, 
etc., it is important to investigate the behavior of the in- 
tracellular ions of calcium, sodium, magnesium, etc. 
This is because these ions are thought to be closely 
linked with intracellular physioactivation. As part of a 
method of research into the behavior of the intracellular 
ions, fluorophores commonly are injected into cells. 
Such fluorophores combine uniquely with the certain 
species of ions within the cells and fluoresce when irra- 
diated with excitation light of specified wavelength, vis- 
ible or ultraviolet. 

By way of example, fluorescent probes indo-1 , f ura- 
2, fluo-3 and rhod-2 are known fluorophores useful in 
the detection of the calcium ions. Any of these fluores- 
cent probes can be used to detect the presence of cal- 
cium tons within the cells. For example, the probe indo- 
1 fluoresces at wavelengths of either 405 nanometers 
(nm) or 485 nm in accordance with the concentration of 
the calcium ions, in response to excitation by ultraviolet 
radiation having a wavelength of about 350 nm. The 
probe f ura-2, on the other hand, fluoresces at a wave- 
length of about 500 nm, in response to excitation by ul- 
traviolet radiation having a wavelength of about 340 nm 
or 380 nm. 

When the fluorescent probe has combined with the 
calcium tons and is excited by the ultraviolet light, it flu- 
oresces in an amount that varies in accordance with the 
calcium ion concentration. Therefore, the concentration 
of the calcium ions in each local area of a sample can 
be determined by measuring the intensity of the fluores- 
cent light. The excitation and fluorescence detection can 
be carried out across sample surface, whereby a two- 
dimensional video image can be obtained. Further, a 
plurality of video images can be obtained in time series, 
whereby the time behavior of the ions can be investigat- 
ed in detail. 

Where the ratio between the intensities of the two 
peaks of the fluorescence spectra is detected under the 
ultraviolet excitation of the fluorescence probe indo-1 , 
or where the ratio between the intensities of the respec- 
tive peaks of the fluorescence spectra is detected under 
the alternate excitation operations of the fluorescent 
probe f ura-2 with the two wavelengths of ultraviolet ra- 



diation, an accurate measurement of calcium ion con- 
centration can be reliably obtained. 

One suitable confocal microscope for scanning a 
sample detecting the resulting fluorescence is disclosed 

s in copending and commonly-assigned U.S. patent ap- 
plication Serial No. 07/862,633, filed April 1, 1992 EP- 
A-0 564 1781 and entitled "Scanning Confocal Micro- 
scope. ■ The disclosed microscope produces sets of dig- 
ital data words that represent a succession of two-di- 

10 mensional images of the sample in the two fluorescent 
wavelengths. 

The scanning confocal microscope disclosed in the 
copending application is highly effective in generating 
data representing images of a sample's fluorescence. 

is However, there is still a need for a scanning confocal 
microscope of this kind that further includes a processor 
for appropriately processing and transforming the data 
into a format that optimally conveys pertinent dynamic 
information about the sample and allows the user to se- 

20 lectively manipulate the data to accommodate the need 
for specific information. 

We acknowledge the disclosure in EP-A-363931 of 
a scanning laser microscope having the features de- 
fined in the pre-characterising portion of Claim 1 , and in 

25 particular a scanner, photodetector assembly, image 
frame store and video display; image frames stored in 
separate buffers, corresponding to different wave- 
lengths, are combined in order to enhance details of the 
sample. 

so Further, DE-A-2818841 discloses a scanning mi- 
croscope for fluorescence detection and ratio forming in 
two wavelength bands. Also, US-A-5 149972 discloses 
the averaging of data to cope with low light conditions, 
using a fluorescent imaging microscope. 

35 The present invention provides a microscope as de- 
fined in Claim 1, and a scanning method as defined in 
Claim 10. 

The present invention is embodied in a confocal mi- 
croscope for scanning a sample doped with a predeter- 

40 mined fluorescent indicator, the microscope having a 
data processor for providing an operator-selected 
processing of detected fluorescence data so as to 
record and display selected information about the sam- 
ple. A scanner repeatedly scans a laser beam across 

45 the sample in two dimensions, whereupon the sample 
fluoresces in at least first and second predetermined 
wavelengths, and detectors detect light emitted by the 
sample in these wavelengths and generate raw image 
data representing a sequence of related pairs of two- 

50 dimensional images of the sample. The processor then 
averages the raw image data produced for a selected 
number of successive images in each of the two fluo- 
rescence wavelengths. This produces a succession of 
related pairs of average image data, which are recorded 

55 in an alternating sequence in a single track of a perma- 
nent data storage device. Averaging the data in this way 
enables noise to be reduced and acuity to be enhanced. 
The data processor of the confocal microscope fur- 
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ther includes a device for ratioing the average image da- 
ta for each related pair of images, to produce a se- 
quence of ratioed images that are substantially insensi- 
tive to any variations in the intensity of the scanning 
beam or in the local concentration of the fluorescent in- 
dicator. These rationed images can be selectively dis- 
played on a video display. Allowing the operator to select 
the number of successive images to be averaged ena- 
bles him or her to tailor the processor to optimise the 
visualisation of dynamic information for the particular 
sample being scanned. 

The video display provides a continuously updated 
display of the ratioed images, and the displayed images 
reflect all of the data that is incorporated into the average 
image data. Thus, no data generated by the detectors 
is lost or goes unused while earlier data is being proc- 
essed for storage and/or display. 

The confocal microscope of this embodiment in- 
cludes just three frame memories, including two used to 
accumulate running sums for use in generating average 
image data for the two wavelengths and one used to 
generate the ratio data. One of the two frame memories 
used for accumulating running sums provides a second 
function of storing average image data for one frame 
time, during which time the memory otherwise would be 
unused. This allows the average image data for the two 
wavelengths to be recorded in the permanent data stor- 
age device in an alternating fashion. 

Other features and advantages of the present in- 
vention should become apparent from the following de- 
scription of the preferred embodiment, taken in conjunc- 
tion with the accompanying drawings, which illustrate, 
by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a scanning confocal 
microscope in accordance with the present invention. 

FIG. 2 is a view of the local scanning area of a sam- 
ple being scanned by the scanning confocal microscope 
of FIG. 1. 

FIG. 3 is a perspective view of the Ronchi grating 
included in the scanning confocal microscope of FIG. 1 . 

FIG. 4 is a simplified block diagram of the data proc- 
essor portion of the scanning confocal microscope of 
FIG. 1. 

FIG. 5 is a schematic block diagram of the arrange- 
ment of line memories for accumulating video data. 

FIG. 6 is a schematic time chart showing the ar- 
rangement of image data being averaged and recorded 
by the data processor of FIG. 4. 

FIGS. 7A-7D are simplified versions of the data 
processor of FIG. 4 t showing the signal paths that are 
followed during four separate phases of the processor's 
operation. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference nowtothe drawings, and particularly 

s to FIG. 1 ( there is shown a scanning confocal micro- 
scope adapted to scan a sample 16 and measure calci- 
um ion concentration within the sample, which is doped 
with a fluorescent probe such as indo-1 . The optical por- 
tion of this microscope is disclosed in detail in copending 

to and commonly-assigned application for U.S. patent, Se- 
rial No. 07/862,633, filed April 1, 1992 and entitled 
"Scanning Confocal Microscope." That copending ap- 
plication is incorporated by reference. 

In FIG. 1, a laser light source 1 emits a collimated 

15 beam LB of ultraviolet radiation having a wavelength of 
351 nanometers (nm), which is expanded by a beam 
expander that includes convex lenses 2a and 2b. The 
laser beam passes through a spatial filter, such as pin- 
hole diaphragm 3 interposed between the convex lens- 

20 es 2a and 2b, and thereafter passes through a beam 
splitter 4, a shutter 5, an optical attenuator 6, and an 
aperture 7, finally reaching a primary dichroic mirror 8. 
The laser beam LB is reflected by the dichroic mirror 8 
and then scanned in two dimensions by a horizontal 

25 scanning mirror 9 and a vertical scanning mirror 10. The 
scanning beam is then introduced into a microscope ob- 
jective 15 via a reflection-type relaying optical system, 
which includes concave mirrors 1 1 and 14 and a convex 
mirror 13. A view iris 12 disposed between the mirrors 

30 11 and 13 limits the observation area of the sample. 

The microscope objective 15 has a focusing per- 
formance with aberrations corrected for ultraviolet and 
visible light, as is incorporated into ordinary optical mi- 
croscopes. The laser beam LB from the relaying optical 

35 system is condensed onto the sample 1 6 by the objec- 
tive 15, and the beam scans the sample 16 in two di- 
mensions by operation of the two scanning mirrors 9 and 
1 0. The horizontal scanning mirror 9 is a high-speed gal- 
vanometer scanner, which is vibrated at its resonant fre- 

40 quency about an axis of rotation 91 perpendicular to the 
sheet of the drawing. The mirror 9 resonates in response 
to a sinusoidal input signal having a frequency of about 
8 kHz. The vertical scanning mirror 10, on the other 
hand, is a low-speed galvanometer scanner. In order to 

45 realize the standard interlaced scanning of an NTSC 
system, the mirror 1 0 is vibrated about an axis of rotation 
101 parallel with the sheet of the drawing and in re- 
sponse to a sawtooth waveform having a frequency of 
about 60 Hz, which is equal to the field rate of a standard 

so NTSC video signal. 

When the fluorescence probe added in the sample 
16 is irradiated with the scanning laser beam LB, it flu- 
oresces with a wavelength characteristic according to 
the extent of the calcium ion concentration. When the 

55 fluorescent probe indo-1 is used as a fluorophore, the 
spectrum of the emanated fluorescence has wavelength 
peaks at 405 nm and 485 nm. It will be appreciated that 
other fluorescent probes could alternatively be used, for 
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measuring the concentration of calcium or other ion in 
the sample 16. In each case, the ratio of intensities in 
the two fluorescent wavelengths represents a measure 
of such ion concentration. 

A portion of the fluorescent emissions is directed s 
outwardly and condensed by the microscope objective 
15, after which it retraces the same path as that of the 
incident laser beam LB and passes through the primary 
dichroic mirror 8. Subsequently, the fluorescence beam 
FL is reflected by a reflector 17 and guided by a con- 10. 
densing lens system 18 to a pinhole diaphragm 1 9. 

After passing through the pinhole diaphragm, the 
fluorescence beam FL is separated by a secondary di- 
chroic mirror 20 into a first wavelength component that 
includes the wavelength 405 nm and a second wave- i$ 
length component that includes the wavelength 485 nm. 
One of the separated fluorescence components is 
passed through a filter 21 and detected by a photomul- 
tiplier tube (PMT) 22, while the other fluorescence com- 
ponent is passed through a filter 25 and detected by a 20 
PMT 26. The outputs of the respective PMTs 25 and 26 
are digitized by analog-to-digital (A/D) converter circuits 
23 and 27, in response to a sampling clock SC to be 
described below. The resulting digital data words are 
stored as video data in frame memories included in a 2s 
data processor 30. The stored video data is selectively 
displayed on a color video display unit 31 and stored in 
a data recording system 32. 

As shown in FIG. 2, the incident laser beam LB re- 
flected by the respective horizontal and vertical scan- 30 
ning mirrors 9 and 10 raster-scans the local scanning 
area 160 of the sample 16, along scanning lines 161. 
The depicted scanning pattern is formed by a combina- 
tion of the shifts of scanning positions in a Y-direction 
effected by the vertical scanning mirror 10 and the re- 
ciprocative scanning in an X-direction effected by the 
horizontal scanning mirror 9. The local scanning area 
1 60 can be scanned at a standard NTSC line frequency 
of 15.75 kHz on the basis of the reciprocative raster 
scanning in the illustrated scanning pattern. As a result, 
the video image of the sample can be formed at a video 
rate of 30 frames/sec. 

A reference beam RB for monitoring the vibrations 
of the horizontal scanning mirror 9 is utilized in order to 
generate the sampling clock SC mentioned above. Re- 
ferring back to FIG. 1, the reference beam RB is pro- 
duced by the beam splitter 4, which reflects part of the 
laser beam LB to a mirror 41 , which in turn reflects the 
beam toward the horizontal scanning mirror 9. The ref- 
erence beam RB and the laser beam LB impinge on an 
identical point on the scanning mirror 9, whereby the two 
beams are deflected by equal amounts, regardless of 
any mechanical distortion of the mirror. To prevent the 
reference beam RB from interfering with the vertical 
scanning mirror 10, it impinges on the horizontal scan- 
ning mirror 9 at an incidence angle different from that of 
the laser beam LB. The reference beam RB reflected by 
the horizontal scanning mirror 9 is condensed by an f© 



lens 42 and reflected by a mirror 43 to form a beam spot 
on a Ronchi grating 44. 

As shown in FIG. 3, the Ronchi grating 44 has al- 
ternating transparent and opaque regions on a transpar- 
ent glass baseplate. The transparent and opaque re- 
gions are of equal width. Alternatively, the grating has 
light-transmitting recurrent regions provided at equal in- 
tervals on a glass baseplate covered with an opaque 
film. The spot of the reference beam RB reciprocatingly 
scans the surface of the Ronchi grating 44 along the di- 
rection of the alternating regions in response to the vi- 
brations of the horizontal scanning mirror 9. 

The reference beam RB transmitted through the 
Ronchi grating 44 is collected by a condensing lens 45 
and then detected by a PMT 46. The condensing lens 
preferably is spaced from the Ronchi grating such that 
the beam always impinges on the same portion of the 
PMT 46, regardless of its position on the Ronchi grating. 
As a result, the reference beam RB is detected without 
being affected by any nonuniform spatial sensitivity of 
the PMT. The signal output by the PMT is provided to a 
timing circuit 47, to generate the sampling clock SC. 

The timing of the data sampling operations in the N 
D converter circuits 23 and 27 now will be explained. As 
stated above, the horizontal scanning mirror 9 is driven 
in response to a sinusoidal input signal. The positional 
variation of the mirror 9 in its widthwise direction per unit 
time therefore is larger near the center of the vibrations 
and smaller near the two ends of the vibrations. Accord- 
ingly, the incident laser beam LB scanning the surface 
of the sample 16 has a scanning speed that is fastest 
near the middle of each scanning line 161 (see FIG. 2) 
and slowest near the two ends of each scanning line. 
Therefore, to obtain a distortionless video image, it is 
necessary to execute the data sampling operations in 
the A/D converter circuits 23 and 27 at temporally une- 
qual intervals conforming to such a scanning character- 
istic. 

As previously mentioned, the Ronchi grating 44 in- 
cludes an alternating sequence of transparent and 
opaque regions, of equal and uniform widths. The spot 
of the reference beam RB has a diameter comparable 
to such widths. Consequently, the signal output by the 
PMT 46 is a clipped sine wave having a frequency that 
varies from a high value when the beam scans a mid- 
point of the grating to a low value when the beam scans 
either end of the grating. 

The timing circuit 47 (FIG. 1) high-pass filters the 
output signal from the PMT 46, to remove dc and various 
low-frequency components, and compares the filtered 
signal with a threshold. A clock signal SC including a 
short, fixed-length pulse for each detected crossing of 
the threshold is then generated, for use in clocking the 
two PMTs 22 and 26. Thus, two clock pulses are gener- 
ated for each transparent region of the Ronchi grating, 
and clocking is more consistent for the two opposite 
scan directions. 

It will be appreciated that each pulse in the clock 
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signal SC represents movement of the scanning refer- 
ence beam RB, and therefore the incident laser beam 
LB, by a fixed amount corresponding to the spacing of 
the opaque regions in the Ronchi grating 44. The sam- 
pling of the PMTs 22 and 26 thereby generates data rep- s 
resentative of linear scans of the sample 16, despite the 
use of a scanning mirror 9 that scans in a non-linear, 
sinusoidal fashion. 

The data processor 30 of the scanning confocal mi- 
croscope is shown in greater detail in FIG. 4. Image data 10 
is supplied to the data processor from the A/D convert- 
ers 23 and 27, and it is input into memories 302 and 304, 
respectively. Because the image data represents a re- 
ciprocative raster scanning, as shown in FIG. 2 t it needs 
to be converted into a standard NTSC format. To this *5 
end, the two memories 302 and 304 each include two 
kinds of line memories, as shown in FIG. 5. A first line 
memory 306 is a first-in, first-out (FIFO) memory, into 
which is written the succession of image data words ac- 
quired when scanning the odd-numbered scanning 20 
lines. A second line memory 308 is a last-in, first-out 
(LIFO) memory, into which is written the succession of 
image data words produced when scanning the even- 
numbered scanning lines. The two line memories 306 
and 308 therefore output data following a standard NT- 25 
SC-scan pattern, with a succession of left-to- right 
scans. 

With reference again to FIG. 4, the data processor 
30 is shown to include adders 310 and 312, in the form 
of arithmetic and logic units, for adding together the sue- 30 
cession of data words received from the respective 
memories 302 and 304 with a succession of data words 
received from 1 6-bit deep frame memories 31 4 and 31 6, 
respectively. The successive data words output by the 
adders 31 0 and 31 2 are supplied through switches 318 35 
and 320 as inputs to the respective frame memories 31 4 
and 316. Thus, for a first set of switch positions, the 
frame memories accumulate a summation of data words 
for a succession of image frames, until they are reset by 
a reset signal. 40 

A second set of positions for the switches 318 and 
320 couple the successive data words output by the 
adders 310 and 312 to divide-by-2 N devices 322 and 
324, respectively. The integer 2 N is selected to corre- 
spond to the number of frames whose data is being add- 4S 
ed and stored in the frame memories 314 and 316. 
When the switches are in their second positions, the di- 
vide-by-2 N devices therefore output a succession of da- 
ta words that represent the average pixel values for 
those N frames. When N=2, the divide-by-2 N devices so 
can each constitute a straightforward 1 -bit shift register. 

The data processor 30 further includes a ratio de- 
vice 326 in the form of a 16-bit by 16-bit look-up table, 
for computing the ratio of the successive averaged data 
words output by the two divide-by-2 N devices 322 and ss 
324. These ratios are expressive of the concentrations 
of calcium ions in the sample 16 being scanned and are 
substantially insensitive to variations in the intensity of 
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the scanning beam LB or to variations in the transmit- 
tance of the various optical components. The computed 
ratios are supplied as 8-bit words to one half of a 1 6-bit, 
bifurcated frame memory 328, for intermediate storage. 
From there, the 8-bit words are supplied to a digital-to- 
analog (D/A) converter 330 and to the color video dis- 
play 31. 

Thus, the data processor 30 includes three frame 
memories, each 16 bits deep, identified by the reference 
numerals 314, 316 and 328. In each case, stored data 
for each pixel is read out immediately before new data 
is written for that pixel. Therefore, each memory reads 
out what was written into it during the previous frame, 
then accepts the new input for the current frame. In an 
alternative mode, each frame can be frozen during any 
given frame, i.e., prevented from accepting any further 
input data. The frame memories 314 and 316 are asso- 
ciated with the adders 310 and 312, respectively, and 
they store accumulations of the summed data for up to 
2 N frames, where N is any selected integer up to 8. 

The frame memory 328 is bifurcated such that one 
half of it stores a single frame of ratio data representing 
the ratio of the average pixel values for blocks of 2 N 
frames in the two fluorescence wavelengths. The re- 
maining half of the bifurcated frame memory 328 is used 
to record 8 bits each of the successive 1 6-bit words out- 
put by the divide-by-2 N circuit 324, representing aver- 
age pixel values for the second fluorescence wave- 
length. This stored data, along with the corresponding 
data for the first fluorescence wavelength, supplied by 
the frame memory 314, are provided to a switch 332 
and, in turn, to a D/A converter 334. The switch is made 
to change between its two positions once each frame 
time. The resulting analog data can then be recorded in 
the data recording system 32, which can take the form, 
for example, of an optical disc recorder. The use of just 
a single recorder for both constituent wavelengths is de- 
sirable, both for economy and to ensure that the data 
representing both images are kept together. 

It should be noted that it is the average pixel values 
for the first and second fluorescence wavelengths, not 
the ratios of such values, that are recorded in the data 
recording system 32. This is done for several reasons. 
First, the average values <N1+N2> and <D1+D2> are 
not necessarily perfect measures of average pixel inten- 
sities, because they fail to incorporate baseline levels 
NO and N1 corresponding to the outputs of the detectors 
26 and 27 in the absence of the fluorescent probe. Such 
baseline levels sometimes are not available until the 
scanning of the sample 16 has been concluded, so in 
order to incorporate them into the desired ratio formula, 
i.e. p [<N1+N2>-N0]/[<D1+D2>-D0] , it is necessary to 
preserve the values <N1+N2> and <D1+D2>. 

Second, 8-bit integers and analog video optical disc 
recorders can represent only a limited range of ratios, 
and the operator often does not know in advance the 
range of ratios that will be obtained. Storing the raw nu- 
merators and dominators permits the operator to prop- 
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erly scale the two values relative to each other so as to 
select the proper range of encodable ratios and not lose 
pertinent information. 

Third, video optical disc recorders generally do not 
playback exactly the same values previously received 
for recording, but rather a linear transformation of it, i. 
e., "Playback Value = A x (Input Value) + B," where A 
and B are constants. If ratios were being recorded, the 
constants A and B would have to be known. However, 
so long as A and B remain stable during the recording 
of the various numerators, e.g., <N1 +N2>, and denom- 
inators, e.g., <D1+D2>, and during the recording of the 
baseline values NO and DO, then A and B will cancel out 
when the final ratio formula [<N1+N2>-N0]/[<D1+D2>- 
D0] is calculated based on the playback values. Conse- 
quently, the values of A and B need not be known. 

Operation of the data processor 30 will now be de- 
scribed with reference to FIG. 6 and FIGS. 7A-7D. 
These figures depict operation of the data processor for 
the special case in which N is selected to be the integer 
1 , meaning that the data words for two successive im- 
age frames are averaged together. It will be appreciated 
that integers other than 1 alternatively could be select- 
ed. 

FIG. 6 is a time chart illustrating in line (a) the suc- 
cession of the image data frames D1, D2, ... from the 
line memory 302, which correspond to the first fluores- 
cence wavelength, and illustrating in line (e) the succes- 
sion of image data frames N1 , N2, ... from the line mem- 
ory 304, which correspond to the second fluorescence 
wavelength. The average data output by the divide-by- 
2 N device 322 is shown in line (b), with each frame of 
average data being output by the divide-by-2 N device 
within the last (in this case the second) of the two frames 
being averaged. Similarly, in line (d), the average data 
output by the divide-by-2 N device 324 is shown, with 
each frame of data being output simultaneous with the 
second of the two frames being averaged. It thus will be 
appreciated that each pair of corresponding average da- 
ta frames represents fluorescence images occurring si- 
multaneously in the sample 16. Since a ratio is to be 
computed of the two frames of average data, it is impor- 
tant that they represent simultaneous images in the two 
fluorescence wavelengths. 

Line (c) of FIG. 6 represents the timing of the re- 
cording of the ratio data on a recording track in the data 
recording system 32. Each frame of average data for 
the first fluorescence wavelength is recorded on the 
track one frame time after its generation. This time delay 
is provided by the memory 314. Conversely, the frame 
of average data for the second fluorescence wavelength 
is recorded on the track two frame times after its gener- 
ation. This time delay is provided by the frame memory 
328. 

The data processor 30 thus undergoes four sepa- 
rate phases of operation, each having a duration of one 
frame time, i.e., 1/30 second. The flow of data in these 
four phases is depicted in FIGS. 7A-7D. In all of the 



phases, the various components of the data processor 
are controlled in synchronism with the sampling clock 
SC of the timing circuit 47, under commands from the 
control system 50 (FIG. 1). 

s In phase 1 , which is illustrated in FIG! 7A, the first 
image data D1 for the first frame is received from the 
line memory 302 and written into the frame memory 31 4 
after passing through the adder 310. At the same time, 
the image data N1 for the first frame is received from 

10 the line memory 304 and written into the frame memory 
316 after passing through the adder 312. 

In phase 2, illustrated in FIG. 7B, the adders 310 
and 312 are respectively supplied with the image data 
D2 and N2 for the second frame. The adder 310 gener- 
is ates the added data D1 +D2 from the supplied image da- 
ta D2 and the image data D1 read from the frame mem- 
ory 314, and the divide-by-2 N (i.e., divide-by-2) device 
322 delivers the average data <D1 +D2> to the ratio de- 
vice 326. Simultaneously, the adder 312 generates the 

20 added data N 1 +N2 from the supplied image data N2 and 
the image data N1 read from the frame memory 316, 
and the divide-by-2 N (i.e., divide-by-2) device 324 deliv- 
ers the average data <N1 +N2> to the ratio device. The 
ratio device, in turn, computes the ratio of the individual 

25 data words, i.e., <N1 +N2>/<D1 +D2> . These ratios are 
indicators of the calcium ion concentration in the sample 
16 being scanned. The ratio data is saved in one half of 
the bifurcated frame memory 328. 

Also in phase 2, the average data words <D1 +D2> 

30 and <N1 +N2> are stored for later recording (during the 
next two phases) in the data recording system 312. In 
particular, the average data word <D1 +D2> is stored in 
the frame memory 314, while the average data word 
. <N1+N2> is stored in one half of the bifurcated frame 

35 memory 328. In both cases, each data word is entered 
into the memory immediately after the word previously 
stored in its intended memory location is read out. 

The frame memory 314 thus serves two distinct 
functions, the first being to store a running sum of the 

40 incoming data words for the first wavelength, and the 
second being to store the average data word for the first 
wavelength. The latter function is provided during the 
particular frame time in each cycle when a running sum 
of incoming data words is not required. 

45 in phase 3, illustrated in FIG. 7C, the ratio data 
<N1 +N2>/<D1+D2> currently saved in the frame mem- 
ory 328 is supplied to the D/A converter 330 and, in turn, 
to the color video display 31 . A special pseudo-color im- 
age of the scanned sample 16 thereby is provided. At 

so the same time, the average data <D1+D2> currently 
saved in the frame memory 314 is supplied through the 
switch 332 to the D/A converter 334 and, in turn, is writ- 
ten onto a recording track of the data recording system 
32. During this same time period, the adders 310 and 

55 31 2 are respectively supplied with the next image data 
D3 and N3. In the same manner as in phase 1 , the data 
D3 is saved in the frame memory 314, and the data N3 
is saved in the frame memory 316. 
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In phase 4, illustrated in FIG. 7D, the ratio image 
derived from the ratio data <N1+N2>/<D1+D2> contin- 
ues to be displayed on the display unit 31 while the next 
image data D4 supplied to the adder 310 is added with 
the image data D3 currently saved in the frame memory 
314. The resulting sum is divided by 2 in the divide-by- 
2 N device 322, in the same manner as in the phase 2. 
The average data <D3+D4> thus obtained is supplied 
to the frame memory 314. This average data <D3+D4> 
also is input to the ratio device 326. 

Similarly, the image data N4 supplied to the adder 
31 2 is added with the image data N3 currently saved in 
the frame memory 316, and the resulting sum is divided 
by 2 in the divide-by-2 N device 324. The average data 
<N3+N4> thus obtained is input to the ratio device 326. 
The ratio device computes the ratio of the individual data 
words <N3+N4>/<D3+D4>, which are indicators of the 
calcium ion concentration in the sample 16 being 
scanned. This ratio data is saved in the frame memory 
328. 

Also in phase 4, the average data <N1 +N2> is sup- 
plied from the frame memory 328 through the switch 332 
to the D/A converter 334 and, in turn, is written onto the 
recording track of the data recording system 32. The av- 
erage data <N3+N4> is written into the memory 328 as 
the average data <N1 +N2> is being read out. 

By repeating operations similar to the phases 3 and 
4 described above, the ratio images of the first and sec- 
ond fluorescence wavelengths are displayed in real time 
on the video display 31. In addition, the average data 
based on the first fluorescence wavelength and the av- 
erage data based on the second fluorescence wave- 
length are recorded on a single recording track of the 
data recording system 32, in an alternating fashion. In 
the embodiment just described, averaged denominators 
(e.g., <D1+D2>) are stored before averaged numera- 
tors (e.g., <N1 +N2>), although this order is arbitrary and 
could easily be reversed by reprogramming the look-up 
table that constitutes the ratio device 326. 

It will be appreciated that the confocal microscope 
of the invention is configured to provide a continuous 
display of the current image data ratios on the display 
31 . The displayed frame is repeatedly updated as each 
new frame of image data ratios becomes available. It 
also will be appreciated that the microscope scans the 
sample 1 6 continuously and that all of the resulting scan 
data is saved. This data is used both in the continuous 
display of image data ratios and in the computing of av- 
erage data for permanent storage in the videodisc re- 
corder 32. This feature ensures that the sample's dy- 
namic behavior is captured in its entirety. 

The embodiment described above has exemplified 
the case where the average image data for two succes- 
sive frames are recorded on the recording track. Alter- 
natively, it is also possible to record the average data of 
a predetermined number of successive frames, e,g., 4 
frames, 8 frames, or 16 frames, in each case the aver- 
age data of the first fluorescence wavelength alternating 



with the average data of the second fluorescence wave- 
length. 

When the integer N is selected to be 2 or more, in 
which case four or more frames are to be averaged, then 

5 operation of the data processor 30 differs in two re- 
spects from that described above. First, during some 
time frames, data is added without dividing by 2 N . Sec- 
ond, during other frames, data is not being recorded. 
More particularly, when the integer N is selected to 

10 be 2 or more, the operations during the first frame of 
each acquisition cycle would remain the same as in 
FIGS. 7A and 7C. During the second through the (2 N -1 ) 
th frames, the running sums contained in frame memo- 
ries 314 and 316 would be fed back to the respective 

is adders 310 and 312, to be summed with the incoming 
new data, while the switches 318 and 320 would be set 
to bypass the divide-by-2 N devices 322 and 324. During 
the final i.e. , 2Nth frame, the switches 31 8 and 320 would 
be reset to pass the final sum through the divide-by-2 N 

20 devices 322 and 324. The averaged image at the first 
wavelength to be recorded, from frame memory 314, is 
always sent to the data recorder 32 during the first com- 
plete frame after the average was computed, which will 
normally be the first frame of the subsequent acquisition 

25 cycle. The averaged image at the second wavelength 
to be recorded, from the lower half of frame memory 
328, is always sent to the data recorder 32 during the 
next complete frame, which will normally be the second 
frame of the subsequent acquisition cycle. During the 

30 remaining (2 N -2) frames of that subsequent acquisition 
cycle, data will not be recorded in the recorder. 

In an alternative embodiment of the invention, 30 
ratio pairs per second are recorded, again using just a 
single optical disc recorder, by recording fields of data 

35 rather than frames of data. Vertical interlacing of the al- 
ternative fields is ignored. Thus, <N1+N2> and 
<D1 +D2> would each refer to two video fields averaged 
together. Each would be stored in the recorder as a field 
of a single frame, and each would include only half the 

40 number of lines of a normal frame. This sacrifices verti- 
cal resolution, but nevertheless is equivalent to local 
spatial averaging, improving the signal-to-noise ratio by 
a factor of the square root of 2. 

In another variation, the ratio device 340 can be 

45 configured to pass through either the average data for 
the first fluorescence wavelength or the average data 
for the second fluorescence wavelength. In this way, im- 
ages of the sample in either the first wavelength or the 
second wavelength can be displayed on the video dis- 

so play 31. 

Although the invention has been described in detail 
with reference only to the preferred embodiment, those 
skilled in the art will appreciate that various modifica- 
tions can be made without departing from the invention. 
55 Accordingly, the invention is defined only with reference 
to the following claims. 
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Claims 

1. A confocal microscope for scanning a sample (16) 
doped with a predetermined fluorescent indicator, 
comprising: 

a scanner (9,10) for repeatedly scanning a la- 
ser beam (LB) in two dimensions across the 
sample, whereupon the sample fluoresces in 
first and second predetermined wavelengths; 
first (22) and second (26) detectors for detect- 
ing light emitted by the sample in the first and 
second wavelengths and for generating a suc- 
cession of frames of image data representing 
a sequence of related pairs of two-dimensional 
images of the sample, in the first and second 
wavelengths; 

first (302) and second (304) frame memories 
for temporarily storing individual frames of im- 
age data for the respective first and second 
wavelengths; 

a permanent data storage device (32); 
transfer means (332,334) for transferring im- 
age data derived from the data generated by 
the first and second detectors to the permanent 
data storage device; and 
a video display (31 ) for providing a repeatedly 
updated display of the scanned sample; 
characterised in that the individual frames of 
image data for the respective wavelengths are 
of simultaneous two-dimensional images of the 
sample obtained simultaneously from the de- 
tectors; 

in that the transfer means (332,334) are for 
transferring the image data in an alternating 
fashion from the detectors to the permanent da- 
ta storage device; 

by first (310,314) and second (312,316) aver- 
aging means for averaging a selected number 
of successive frames of image data represent- 
ing the respective first and second wave- 
lengths, to produce a sequence of related pairs 
of average image data for delivery to the ratio 
means; 

by ratio means (326) for repeatedly computing 
and temporarily storing the ratio of the related 
pairs of average image data from the respective 
first and second averaging means; and 
by video means (328,330) for receiving the se- 
quence of ratios of average image data pro- 
duced by the ratio means and providing a signal 
suitable for coupling to the video display (31), 
to provide a repeatedly updated display of the 
scanned sample that is substantially unaffected 
by any variations in the intensity of the scanning 
laser beam or in the local concentration in the 
sample of the fluorescent indicator. 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



A confocal microscope as defined in Claim 1, 
wherein the video display (31 ) is arranged to pro- 
vide a continuous display of the ratio of average im- 
age data currently stored by the ratio means, until 
the next successive ratio of average image data is 
received. 

A confocal microscope as defined in Claim 2, 
wherein: 

the scanner (9, 1 0) is arranged to scan the laser 
beam across the sample continuously; 
the first and second detectors detect light emit- 
ted by the sample continuously and generate 
the succession of frames of image data contin- 
uously; and 

the frames of image data transferred by the 
transfer means to the permanent data storage 
device (32) reflect all of the data generated by 
the first and second detectors. 

A confocal microscope as defined in Claim 3, 
wherein the transfer means (332,334) is adapted to 
transfer frames of image data to the permanent data 
storage device (32) at a frame rate that is the same 
as the frame rate at which the first and second de- 
tectors generate frames of image data. 

A confocal microscope as defined in Claim 1, 
wherein the first and second averaging means 
(310,316) each include: 

an adder for adding the current image data 
frame to a previous sum of image data frames 
to produce a current sum of image data frames; 
means for delivering the current sum of image 
data frames for storage in the associated first 
or second frame memory; 
means for selectively supplying the image data 
frame currently stored in the associated frame 
memory to the adder; and 
means operable during the time of the last 
frame in each sequence of image frames being 
averaged, for dividing by a predetermined inte- 
ger the current sum of image data frames pro- 
duced by the adder, to produce the average im- 
age data for delivery to the ratio means. 

A confocal microscope as defined in Claim 1, 
wherein: 

the ratio means (326) includes a single, bifur- 
cated frame memory; 

the transfer means transfers frames of average 
image data for the first and second wave- 
lengths to the permanent data storage device 
(32) in an alternating fashion; 
the successive average image data frames for 
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the first wavelength are each stored for one 
frame duration in the first frame memory; and 
the successive average image data frames for 
the second wavelength are each stored for two 
frame durations in one half of the bifurcated 
frame memory of the ratio means. 

7. A confocal microscope as defined in Claim 6, 
wherein: 

the first and second frame memories and the 
frame memory of the ratio means are of the 
same predetermined size; and 
the first and second frame memories each store 
just a single frame of image data and each re- 
ceive data for storage immediately after previ- 
ously-stored data is read out. 

8. A confocal microscope as defined in Claim 1, 
wherein: 

the scanner (9,10) is arranged to scan across 
the sample in a raster-scan pattern; and 
the first and second detectors generate data 
representing video signals for each of the first 
and second wavelengths. 

9. A confocal microscope as defined in any preceding 
claim, in which the scanner includes a laser (1 ) for 
supplying the laser beam (LB), a microscope objec- 
tive (15), means for positioning the microscope ob- 
jective adjacent to the sample to be scanned, and 
means (9, 10) for repeatedly scanning the laser 
beam in a raster-scan pattern across the sample. 

10. A method for scanning a sample (16) doped with a 
predetermined fluorescent indicator and providing 
a video display of the sample, comprising the steps 
of: 



and displaying the scanned sample on a video 
display (31); 

characterised in that the related pairs of two- 
5 dimensional images of the sample are of images 
detected simultaneously; 

in that the image data are transferred to the per- 
manent data storage device (32) in an alternat- 
10 ing fashion between the first and second wave- 

lengths; 

by a step of averaging (310,316) a selected 
number of successive frames of image data 
representing the respective first and second 
15 wavelengths, to produce a sequence of related 

pairs of average image data; 
by a step of repeatedly computing (326) and 
temporarily storing the ratio of the average im- 
age data for the respective first and second 
20 wavelengths, to produce a sequence of image 

data ratios; 

and by a step of receiving (328,330) the se- 
quence of ratios of average image data and 
providing a video signal suitable for coupling to 
25 a video display (31 ), to provide a repeatedly up- 

dated display of the sequence of ratios of aver- 
age image data that is substantially unaffected 
by any variations in the intensity of the scanning 
laser beam or in the local concentration in the 
30 sample of the fluorescent indicator. 

11. A method as defined in Claim 10, wherein the step 
of receiving provides a continuous display of the ra- 
tio of average image data currently stored in the 

35 step of repeatedly computing, until the next succes- 
sive ratio of average image data is received. 

12. A method as defined in Claim 11 , wherein: 

the step of repeatedly scanning is performed 
continuously; 

the step of detecting is performed continuously 
such that the succession of frames of image da- 
ta are continuous; and 

the frames of image data transferred to the per- 
manent data storage device in the step of trans- 
ferring reflect all of the data generated in the 
step of detecting. 

13. A method as defined in Claim 12, wherein the step 
of transferring includes a step of selectively trans- 
ferring frames of image data to the permanent data 
storage device at a frame rate that is the same as 
the frame rate at which the step of detecting gener- 
ates frames of image data. 

14. A method as defined in Claim 10, wherein the step 
of averaging includes steps of: 



repeatedly scanning (9,10) a laser beam (LB) 
in two dimensions across the sample, where- 
upon the sample fluoresces in first and second 
predetermined wavelengths; 
detecting (22,26) light emitted by the sample in *5 
the first and second wavelengths and generat- 
ing a succession of frames of image data rep- 
resenting a sequence of related pairs of two- 
dimensional images of the sample, in the first 
and second wavelengths; 50 
temporarily storing in first (302) and second 
(304) frame memories individual frames of im- 
age data for the respective first and second 
wavelengths; 

transferring (332,334) image data derived from 55 
the data for the first and second wavelengths, 
generated in the step of detecting, to a perma- 
nent data storage device (32); 
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adding the current image data frame to a pre- 
vious sum of image data frames to produce a 
current sum of image data frames; 
delivering the current sum of image data frames 
for storage in the associated first or second 5 
frame memory; 

selectively supplying the image data frame cur- 
rently stored in the associated frame memory 
to the adder; and 

during the time of the last frame in each se- to 
quence of image frames being averaged, divid- 
ing by a predetermined integer the current sum 
of image data frames produced in the step of 
adding, to produce the average image data for 
use in the step of repeatedly computing. 

15. A method as defined in Claim 10, wherein: 

the step of repeatedly computing utilises a sin- 
gle, bifurcated frame memory; the step of trans- 20 
f erring transfers average image data frames for 
the first and second wavelengths to the perma- 
nent data storage device in an alternating fash- 
ion; 

the successive average image data frames for 2s 
the first wavelength are each stored for one 
frame duration in the first frame memory; and 
the successive average data frames for the 
second wavelength are each stored for two 
frame durations in one half of the bifurcated 30 
frame memory used in the step of repeatedly 
computing. 

16. A method as defined in Claim 15, wherein: 

35 

the first and second frame memories used in 
the step of temporarily storing and the frame 
memory used in the step of repeatedly comput- 
ing are of the same predetermined size; and 
the step of repeatedly storing includes a step 40 
of receiving data for storage in the first and sec- 
ond frame memories immediately after previ- 
ously-stored data is read out. 

17. A method as defined in Claim 10, wherein: 

the step of repeatedly scanning includes a step 
of scanning across the sample in a raster-scan 
pattern; and 

the step of detecting includes a step of gener- so 
ating data representing video signals for each 
of the first and second wavelengths. 



Patentanspruche 

1. Konfokales Mikroskop zum Abtasten einer Probe 
(16), die mit einem vorbestimmten fluoreszierenden 



Indikator dotiert ist, mit: 

einer Abtasteinrichtung (9, 10) zum wiederhol- 
ten Abtasten eines Laserstrahles (LB) in zwei 
Dimensionen Ober die Probe, woraufhin die 
Probe mit einer ersten und einer zweiten vor- 
bestimmten Wellenlange fluorisziert, 

einer ersten (22) und einer zweiten (26) Detek- 
toreinrichtung zum Detektierten von von der 
Probe mit der ersten und der zweiten Wellen- 
lange emittiertem Licht und zur Erzeugung ei- 
ner Folge von Rahmen von Bilddaten, die eine 
Folge von mtteinander in Beziehung stehenden 
Paaren von zweidimensionalen Bildem der 
Probe mit der ersten und zweiten Wellenlange 
reprasentieren, 

einer ersten (302) und einer zweiten (304) Rah- 
men-Speichereinrichtung zum zeitweisen 
Speichern individueller Rahmen von Bilddaten 
fur die erste bzw. zweite Wellenlange, 

einer ntcht fluchtigen Daten-Speichereinrich- 
tung (32), 

einer Ubertragungseinrichtung (332, 334) zum 
Ubertragen von Bilddaten, die von den von der 
ersten und zweiten Detektoreinrichtung er- 
zeugten Daten abgeleitet sind zu der nicht 
fluchtigen Daten-Speichereinrichtung und 

einer Video-Anzeigeeinrichtung (31 ) zur Erzeu- 
gung einer wiederholt aktualisierten Anzeige 
der abgetasteten Probe, 

dadurch gekennzeichnet, da (3 die individuellen 
Rahmen von Bilddaten fur die jeweiligen Wel- 
lenlangen aus gleichzeitigen zweidimensiona- 
len Bildern der Probe bestehen, die gleichzeitig 
von den Detektoreinrichtungen erhalten wer- 
den, 

da8 die Ubertragungseinrichtung (332, 334) 
zur Ubertragung der Bilddaten in einer abwech- 
selnden Weise von den Detektoreinrichtungen 
zu der nicht fluchtigen Daten-Speichereinrich- 
tung dient, 

daB eine erste (31 0, 31 4) und eine zweite (31 2, 
316) etnen Mittelwert bildende Einrichtung zur 
Mittelwertbildung aus einer ausgewahlten An- 
zahl von aufeinanderfolgenden Rahmen von 
Bilddaten, die die jeweilige erste und zweite 
Wellenlange reprasentieren, vorgesehen ist, 
um eine Folge von zueinander in Beziehung 
stehenden Paaren von Durchschnittsbilddaten 
zur Auslieferung an die Verhaltnis-Einrichtung 
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zu erzeugen, 

da3 eine Verhaltnis-Einrichtung (326) zum wie- 
derholten Berechnen und zeitweisen Spei- 
chern des Verhaltnisses der zueinander in Be- s 
ziehung stehenden Paare von Durchschnitts- 
bilddaten aus der entsprechenden ersten und 
zweiten einen Mittelwert bildenden Einrichtung 
vorgesehen ist und 

10 

da(3 eine Viedeo-Einrichtung (328, 330) vorge- 
sehen ist, um die Folge der Verhaltnisse von 
durch die Verhaltnis-Einrichtung erzeugten 
Durchschnittsbilddaten zu empfangen und um 
ein Signal zu erzeugen, das fur die Kopplung is 
an die Video-Anzeigeeinrichtung (31) geeignet 
ist, um eine wiederholte aktualisierte Anzeige 
der abgetastete Probe zu erzeugen, die im we- 
sentlichen nicht von irgendwelchen Anderun- 
gen in der Intensttai des abtastenden Laser- 20 
strahles oder in der ort lichen Konzentration des 
fluoreszierenden Indikators in der Probe beein- 
trachtigt ist. 

Konfokales Mikroskop nach Ansprucb 1, bei dem 25 
die Video-Anzeigeinrichtung (31) vorgesehen ist, 
um eine ununterbrochene Anzeige des Verhaltnis- 
ses von gegenwartig in der Verhaltnis-Einrichtung 
gespeicherten Bilddaten zu erzeugen, bis das 
nachstfolgende Verhaltnis von Durchschnittsbild- 30 
daten empfangen wird. 

Konfokales Mikroskop nach Anspruch 2, bei dem 
die Abtasteinrichtung (9, 1 0) angeordnet ist, um den 
Laserstrahl uber die Probe kontinuierlich abzuta- 35 
sten, die erste und zweite Detektoreinrichtung un- 
unterbrochen von der Probe emittiertes Licht detek- 
tieren und die Folge von Rahmen von Bilddaten un- 
unterbrochen erzeugen und die von der Ubertra- 
gungseinrichtung zu der nicht fluchtigen Daten- 40 
Speichereinrichtung (32) Obertragenen Rahmen 
von Bilddaten alle Daten der von der ersten und 
zweiten Detektoreinrichtung erzeugten Daten wie- 
dergeben. 

45 

Konfokales Mikroskop nach Anspruch 3, bei dem 
die Ubertragungseinrichtung (332, 334) Rahmen 
von Bilddaten zu der nicht fluchtigen Daten-Spei- 
chereinrichtung (32) mit einer Rahmenrate ubertra- 
gen kann, die dieselbe ist, wie die Rahmenrate, mit 50 
der die erste und zweite Detektoreinrichtung Rah- 
men von Bilddaten erzeugen. 

Konfokales Mikroskop nach Anspruch 1 , bei dem 
die erste und zweite Durchschnittssteuerungsein- 55 
richtung (310, 316) jeweils 

eine Addiereinrichtung zum Addieren des ge- 



genwartigen Bilddatenrahmens zu einer vor- 
hergehenden Summe von Bilddaten rahmen 
zur Erzeugung einer gegenwartigen Summe 
von Bilddaten rahmen, 

eine Einrichtung zum Ausliefern der gegenwar- 
tigen Summe von Bilddatenrahmen zum Spei- 
chem in der zugeordneten ersten oder zweiten 
Rahmenspeichereinrichtung, 

eine Einrichtung zum selektiven Ausliefern des 
gegenwartig in der zugeordneten Rahmen- 
speichereinrichtung gespeicherten Bilddaten- 
rahmens zu der Addiereinrichtung und 

eine Einrichtung enthalt, die wan rend der Zeit, 
wahrend der der letzte Rahmen in jeder Folge 
von Bildrahmen gemittelt wird, um die gegen- 
wartige Summe von von der Addiereinrichtung 
erzeugten Bilddatenrahmen durch eine ganze 
Zahl zu dividieren, um die durchschnittlichen 
Bilddaten zur Auslieferung an die Verhaltnis- 
einrichtung zu erzeugen. 

6. Konfokales Mikroskop nach Anspruch 1 , bei dem 

die Verhaltnisein richtung (326) eine einzige 
zwerteilige Rahmen-Speichereinrichtung ent- 
halt, 

die Ubertragungseinrichtung Rahmen von 
Durchschnittsbilddaten fur die erste und zweite 
Wellenlange an die nicht fluchtige Daten -Spei- 
chereinrichtung (32) abwechselnd Obertragt, 

jeder der aufeinanderfolgenden Durchschnitts- 
bilddaten rahmen fur die erste Wellelange wah- 
rend der Dauer eines Rahmen in der ersten 
Rahmen-Speichereinrichtung gespeichert wird 
und 

jede r der aufeinanderf olgenden Durchschnitts- 
bilddaten rahmen fOr die zweite Wellenlange 
wahrend der Dauer von zwei Rahmen in etner 
Halfte der zweigeteilten Rahmen-Speicherein- 
richtung der Verhaltniseinrichtung gespeichert 
wird. 

7. Konfokales Mikroskop nach Anspruch 6, bei dem 

die erste und zweite Rahmen-Speichereinrich- 
tung und die Rahmen-Speichereinrichtung der 
Vehaltnis-E in richtung dieselbe vorbestimmte 
-GrdGe besitzen und 

jede der ersten und zweiten Rahmen-Speicher- 
einrichtungen gerade nur einzigen Rahmen 
von Bilddaten speichert und Daten zum Spei- 
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chern unmittelbar nach dem Auslesen zuvor 
gespeicherter Daten empfangt. 

8. Konfokales Mikroskop nach Anspruch 1 , bet dem 

5 

dieAbtasteinrichtung(9, 10)angeordnetist, urn 
uberdie Probe in einem rasterformigen Abtast- 
muster abzutasten und 

die erste und zweite Detektoreinrichtung Daten 10 
erzeugen, die Videosignale fur jede der ersten 
und zweiten Wellenlange darstellen. 

9. Konfokales Mikroskop nach einem der vorherge- 
henden Anspruche, bei dem die Abtasteinrichtung 75 
etnen Laser (1) zur Erzeugung eines Laserstrahles 
(LB), eine Mikroskopobjektiv-Einrichtung (15) zum 
Positionieren des Mikroskopobjektivs neben der 
abzutastenen Probe und eine Einrichtung (9, 10) 

zur wiederholten Abtastung des Laserstrahles in ei- 20 
nem rasterformigen Abtastmuster uber die Probe 
aufweist. 

10. Verfahren zum Abtasten einer Probe (16), die mit 
einem vorbestimmten fluoriszierenden Indikator 25 
dotiert ist und zur Erzeugung einer Videoanzeige 
der Probe mit den folgenden Schritten: 

wiederholtes Abtasten (9, 10) eines Laser- 
strahles (LB) in zwei Dimensionen uberdie Pro- 30 
be, woraufhin die Probe mit einer ersten und 
einer zweiten vorbestimmten Wellenlange f luo- 
risziert, 

Detektieren (22, 26) von von der Probe mit der 35 
ersten und zwerten Wellenlange emittiertem 
Licht und Erzeugen einer Folge von Rahmen 
von Bilddaten, die eine Folge von zueinander 
in Beziehung stehenden Paaren von zweidi- 
mensionalen Bildern der Probe reprasentieren, 40 
mit der ersten und zwerten Wellelange, 

zeitweiliges Spetchem von individuellen Rah- 
men von Bilddaten fur die jeweilige erste und 
zweite Wellenlange in einer ersten (302) und 
einer zweiten (304) Rahmen-Speichereinrich- 
tung, 

Ubertragen (332, 334) von von den Daten fur 
die erste und zweite Wellenlange, die beim 50 
Schritt der Detektierung erzeugt wurden, abge- 
leiteten Bilddaten, zu einer nicht fluchtigen Da- 
ten-Speichereinrichtung (32), 

und Anzeigen der abgetasteten Probe auf einer ss 
Video-Anzeigeeinrichtung (31 ), 

dadurch gekennzeichnet, da (3 die zueinander 



in Beziehung stehenden Paare von zweidimen- 
sionalen Bildern der Probe aus gleichzeitig de- 
tektierten Bildern bestehen, 

daft die Bilddaten zu der nicht fluchtigen Daten- 
Speichereinrichtung (32) abwechselnd zwi- 
schen der ersten und zweiten Wellenlange 
ubertragen werden, 

da 13 ein Schritt zur Bildung eines Mittelwertes 
(310, 316) aus einer ausgewahlten Anzahl von 
aufeinanderfolgenden Rahmen von Bilddaten, 
die die erste und zweite Wellelange reprasen- 
tieren, ausgefuhrt wird, um eine Folge von zu- 
einander in Beziehung stehenden Paaren von 
Durch sen nitts bilddaten zu erzeugen, 

da(3 ein Schritt des wiederholten Berechnens 
(326) und des zeitweiligen Speicherns des Ver- 
haltnisses der Durchschnittsbilddaten fur die 
entsprechende erste und zweite Wellenlange 
ausgefuhrt wird, um eine Folge von Bilddaten- 
vemaltnissen zu erzeugen, 

und daB ein Schritt des Empfanges (328, 330) 
der Folge der Vertialtnisse von Durchschnitts- 
bilddaten und zur Lieferung eines Videosigna- 
les, das zur Kopplung an einer Video-Anzeige- 
einrichtung (31 ) geeignet ist, ausgefuhrt wird, 
um eine wiederholt aktualisierte Anzeige der 
Folge von Verhaltnissen von Durchschnittsbild- 
daten zu erzeugen, die im wesentlichen nicht 
durch irgendwelche Veranderungen in der In- 
tensitat des abtastenden Laserstrahles oder in 
derortlichen Konzentration des fluorizierenden 
Indikators in der Probe beeintrachtigt wird. 

11. Verfahren nach Anspruch 10, bei dem der Schritt 
des Empfangens eine ununterbrochene Anzeige 
des Verhaltnisses von gegenwartig beim Schritt des 
wiederholten Berechnens gespeicherten Durch- 
schnittsbilddaten iiefert, bis das nachstfolgende 
Verhaltnis von Durchschnittsbilddaten empfangen 
wird. 

12. Verfahren nach Anspruch 11, bei dem 

der Schritt des wiederholten Abtastens unun- 
terbrochen ausgefuhrt wird, 

der Schritt des Detektierens ununterbrochen 
ausgefOhrt wird, so da3 die Folge von Rahmen 
von Bilddaten ununterbrochen ist und 

die Rahmen von Bilddaten, die zu der nicht 
fluchtigen Daten-Speichereinrichtung beim 
Schritt des Ubertragens ubertragen werden, al- 
le beim Schritt des Detektierens erzeugten Da- 
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ten wiedergeben. 

13. Verfahren nach Anspruch 12, bei dem der Schritt 
des Ubertragens einen Schritt enthalt, bei dem se- 
lektiv Rahmen von Bilddaten zu der nicht fluchtigen 
Daten-Speichereinrichtung mit einer Rahrrienrate 
ubertragen werden, die dieselbe ist, wie die Rah- 
menrate, mit der der Schritt des Detektierens Rah- 
men von Bilddaten erzeugt 

14. Verfahren nach Anspruch 10, bei dem der Schritt 
der Durchschnittsbildung die folgenden Schritte 
umfaGt: 

Addieren des gegenwartigen Bilddatenrah- 
mens zu einer vorhergehenden Summe von 
Bilddatenrahmen, zur Erzeugung einer gegen- 
wartigen Summe von Bilddatenrahmen, 

Ausliefern der gegenwartigen Summe von Bild- 
datenrahmen zur Speicherung in der zugeord- 
neten ersten oder zweiten Rahmen-Speicher- 
einrichtung, 

selektives Ausliefern des gegenwartig in der 
zugeordneten Rahmen-Speichereinrichtung 
gespeicherten Bilddatenrahmens zu der Ad- 
diereinrichtung und 

wahrend der Zeit, wahrend der ein Durch- 
schnittswert aus dem letzten Rahmen in jeder 
Folge von Bildrahmen erzeugt wird, Teilen der 
gegenwartigen Summe von in dem Addier- 
schritt erzeugten Bilddatenrahmen durch eine 
vorbestimmte ganze Zahl, zur Erzeugung von 
Durchschnittsbilddaten zur Verwendung in 
dem Schritt der wiederholten Berechnung. 

15. Verfahren nach Anspruch 10, bei dem: 

der Schritt des wiederholten Berechnens eine 
einzige zweiteilige Rahmen-Speichereinrich- 
tung verwendet, 

der Schritt des Obertragens Durchschnittsbild- 
datenrahmen fur die erste und zweite Wellen- 
lange zu der nicht fluchtigen Daten-Speicher- 
einrichtung abwechselnd ubertragt, 



ner Halfte der zweiteiligen Rahmen-Speicher- 
einrichtung gespeichert wird, die beim Schritt 
des wiederholten Berechnens verwendet wird. 

s 16. Verfahren nach Anspruch 15, bei dem: 

die erste und zweite Rahmen-Speichereinrich- 
tung, die beim Schritt des zeitweisens Spei- 
chems verwendet werden und die Rahmen- 
io Speichereinrichtung, die beim Schritt des wie- 

derholten Berechnens verwendet wird, diesel- 
be vorbestimmte GroBe besitzen 

und der Schritt des wiederholten Spetcherns ei- 
is nen Schritt umfa!3t, bei dem Daten zum Spei- 

chem in der ersten und zweiten Rahmen-Spei- 
chereinrichtung unmittelbar nach dem Ausle- 
sen vorhergehend gespeicherter Daten emp- 
f an gen werden. 

20 

17. Verfahren nach Anspruch 10, bei dem: 

der Schritt des wiederholten Abtastens einen 
Schritt des Abtastens uber die Probe in einem 
25 rasterformigen Abtastmuster umfaBt und 

der Schritt des Detektierens einen Schritt der 
Erzeugung von Daten umfaBt, die Videos ignale 
fur jede der ersten und zweiten Wellenlangen 
30 darstellen. 



Revendicatlons 

35 1. Microscope a foyer commun pour balayer un 
echantillon (16) dope avec un indicateur fluorescent 
predetermined comprenant: 

un scanneur (9, 10) pour balayer de facpn re- 
petee un faisceau laser (LB) dans deux dimen- 
sions a travers Pechantillon, apres quoi (Echan- 
tillon est fluorescent a une premiere et une se- 
conde longueur d'onde pr6d6termin6es; 
un premier (22) et un second detecteur (26) 
pour detecter une lumiere 6mise par l'6chan- 
tillon aux premiere et seconde longueurs d'on- 
des et pour g£n£rer une succession de trames 
de donnees d'images repr£sentant une se- 
quence de pa ires apparentdes d'images bidi- 
mensionnelles de I'echantillon, aux premiere et 
seconde longueurs d'ondes; 
des premiere (302) et seconde (304) memoires 
de trames pour m6morisertemporairement des 
trames individuelles de donnees d'images pour 
les premiere et seconde longueurs d'ondes 
respect ives; 

une unit6 de memorisation de donnees perma- 
nente (32); 



jeder der aufeinanderfolgenden Durchschnitts- 50 
bilddatenrahmen fur die erste Wellenlange 
wahrend der Dauer eines Rahmens in der er- 
sten Rahmen-Speichereinrichtung gespeichert 
wird 

55 

und jeder der aufeinanderfolgenden Durch- 
schnittsdatenrahmen fur die zweite Wellenlan- 
ge wahrend der Dauer von zwei Rahmen in ei- 
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des moyens de transfert (332, 334) pour trans- 
ferer des donnees d'images provenant des 
donnees g6n6r£es par les premier et second 
detecteurs a I'unite de memorisation de don- 
nees permanente; et s 
un dispositif de visualisation video (31) pour 
foumir une visualisation remise a jour de facon 
repetde de rechantillon balaye; 
caract6ris6 en ce que les trames individuelles 
de donn6es d'images pour les longueurs d'on- to 
de respectives sont des images bidimension- 
nelles simultanees de rechantillon obtenues si- 
multanement par les detecteurs; 
en ce que les moyens de transfert (332, 334) 
sont agenc6s pour transferer les donnees 15 
d'images de facon artern6e des detecteurs vers 
I'unite de memorisation de donnees permanen- 
te; 

par des premiers (310, 314) et seconds (312, 
316) moyens d'etablissement de moyennes 20 
pour faire la moyenne d'un nombre seiectionne 
de trames cons6cutives de donnees d'images 
representant les premiere et seconds lon- 
gueurs d'ondes respectives, pour prod u ire une 
sequence de paires apparent6es de donn6es 2s 
d'images moyennes a deiivrer aux moyens de 
rapport; 

par des moyens de rapport (326) pour calculer 
de facon r6p6t6e et m6moriser temporairement 
le rapport des paires apparent6es de donn6es 30 
d'images moyennes provenant des premier et 
seconds moyens d'etablissement de moyen- 
nes respectifs; et 

par des moyens video (328, 330) pour recevoir 
la sequence des rapports de donnees d'images 35 
moyennes produits par les moyens de rapport 
et foumir un signal approprie au couplage avec 
ie dispositif de visualisation video (31), pour 
foumir une visualisation remise a jour de facon 
rep6t6e de rechantillon batay6 qui est pratique- 40 
ment insensible a des variations quelconques 
de I'intensite du faisceau laser de ba lavage ou 
de la concentration locale d'indicateur fluores- 
cent dans rechantillon. 

45 

2. Microscope a foyer commun tel que defini dans la 
revendication 1, dans lequel le dispositif de visuali- 
sation video (31 ) est agenc6 pour fournir une visua- 
lisation continue du rapport des donnees d'images 
moyennes actuellement memorisees par les 50 
moyens de rapport, jusqu'a ce que ie prochain rap- 
port consecutif des donn6es d'images moyennes 
soit recu. 

3. Microscope a foyer commun tel que d6fini dans ia 55 
revendication 2, dans lequel: 

le scanneur (9, 10) est agence pour balayer 



continuellement le faisceau laser a travers 
rechantillon; 

les premier et second detecteurs detectent la 
lumiere emise continuellement par rechantillon 
et generent continuellement la succession de 
trames de donnees d'images; et 
les trames de donnees d'images transferees 
par les moyens de transfert vers I'unite de me- 
morisation de donnees permanente (32) refle- 
tent ('ensemble des donnees gen6rees par les 
premier et second detecteurs. 

4. Microscope a foyer commun tel que defini dans la 
revendication 3, dans lequel les moyens de trans- 
fert (332, 334) sont agenc6s pour transferer les tra- 
mes de donnees d'images vers I'unite de memori- 
sation de donnees permanente (32) a une cadence 
de trames qui est la m$me que la cadence de tra- 
mes a laquelle les premier et second detecteurs ge- 
nerent les trames de donnees d'images. 

5. Microscope a foyer commun tel que d6fini dans la 
revendication 1 , dans lequel les premier et second 
moyens d'etablissement de moyennes (310, 316) 
comprennent chacun; 

un additionneur pour additionner la trame de 
donnees d'images actuelle a la somme prece- 
de nte des trames de donn6es d'images pour 
produire une somme actuelle des trames de 
donn6es d'images; 

des moyens pour deiivrer la somme actuelle 
des trames de donn6es d'images a memoriser 
dans la premiere ou la seconde m6moire de tra- 
mes associee; 

des moyens pour fournir seiecttvement la trame 
de donnees d'images actuellement memoris6e 
a ta memoire de trames associee a I'addition- 
neur; et 

des moyens fonctionnant pendant le temps de 
la derniere trame dans chaque sequence de 
trames d'images 6tant en cours de moyenne, 
pour diviser la somme actuelle des trames de 
donnees d'images produites par I'additionneur 
par un nombre entier predetermine, pour pro- 
duire les donnees d'images moyennes a deii- 
vrer aux moyens de rapport. 

6. Microscope a foyer commun tel que defini dans la 
revendication 1 , dans lequel: 

les moyens de rapport (326) comprennent une 
memoire de trames btfurqu6e unique; 
tes moyens de transfert transferent les trames 
des donnees d'images moyennes pour les pre- 
miere et seconde longueurs d'ondes alternati- 
ve ment vers I'unite de memorisation de don- 
nees permanente (32); 
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sequence de pa ires apparentees d'images bi- 
dimensionnelles de I'echantillon, aux premiere 
et seconde longueurs d'ondes; 
memorisation temporaire dans line premiere 
(302) et une seconde (304) me moire de frames 
des trames individuelles de donnees d'images 
pour tes premiere et seconde longueurs d'on- 
des respectives; 

transf ert (332, 334) des donnees d'images pro- 
venant des donnees pour les premiere et se- 
conde longueurs d'ondes generees dans I'eta- 
pe de detection, a une unite de memorisation 
de donnees permanente (32); 
et visualisation de i'echantillon balaye sur un 
dispositit de visualisation video (31 ); 



8. Microscope a foyer commun tel que defini dans la 
revendication 1 , dans lequel; 25 

le scanneur (9, 10) est agence pour balayer a 
travers I'echantillon, dans une configuration de 
balayage recurrent; et 

les premier et second detecteurs generent des 30 
donnees representant des signaux videos pour 
chacune des premiere et seconde longueurs 
d'ondes. 

9. Microscope a foyer commun tel que defini dans 35 
I'une quelconque des revendtcations preoedentes 
dans lequel le scanneur comprend un laser (1 ) pour 
fournir le faisceau laser (LB), un object if de micros- 
cope (15), des moyens pour positionner I'objectif du 
microscope adjacent a I'echantillon a balayer, et 40 
des moyens (9, 10) pour balayer de facon rep6tee 

le faisceau laser dans une configuration de balaya- 
ge recurrent a travers I'echantillon. 

10. Methode pour balayer un echantillon (16) dope 
avec un indicateur fluorescent predetermine et pour 
fournir une visualisation vid6ode I'echantillon, com- 
prenant les etapes de: 



caracteris6 en ce que les paires apparentees 
d'images bidimensionnelles de I'echantillon sont 
des images detectees simultanement; 

en ce que les donnees d'images sont transfe- 
rees de facon alternee vers I' unite de memori- 
sation de donnees permanente (32) entre les 
premiere et seconde longueurs d'ondes; 
par une etape d'etabfissement de moyennes 
(310, 316) d'un nombre seiectionne de trames 
consecutives de donnees d'images represen- 
tant les premiere et seconde longueurs d'ondes 
respectives, pour p rod u ire une sequence de 
paires apparentees de donn 6es d'images 
moyennes; 

par une etape de calcul repete (326) et de me- 
morisation temporaire du rapport des donn6es 
d'images moyennes pour les premiere et se- 
conde longueurs d'ondes respectives, pour 
produire une sequence de rapports de donnees 
d'images; 

et par une 6tape de reception (328, 330) de la 
sequence des rapports des donnees d'images 
moyennes et de fourniture d'un signal video ap- 
proprie au couplage a un dispositit de visuali- 
sation video (31 ), pour fournir une visualisation 
remise a jour de facon repetee de la sequence 
des rapports des donnees d'images moyennes 
qui est pratiquement insensible a des variations 
quelconques de I'intensite du faisceau laser de 
balayage ou de la concentration locale de ('in- 
dicateur fluorescent dans I'echantillon. 

11. Methode tel que definie dans la revendication 10, 
dans laquelle I' etape de reception foumit une visua- 
lisation continue du rapport des donnees d'images 
moyennes actuellement m6moris6es dans I'etape 
de calcul repete, jusqu'a ce que le prochain rapport 
consecutif des donnees d'images moyennes soit 
recu. 

1 2. Methode telle que definie dans la revendication 1 1 , 



balayage (9, 10) rep6te d'un faisceau laser (LB) so 
dans deux dimensions a travers i'echantillon, 
apres quoi I'echantillon est fluorescent a une 
premiere et une seconde longueur d'onde pre- 
determiners; 

detection (22, 26) de la lumiere 6mise par ss 
I'echantillon aux premiere et seconde lon- 
gueurs d'ondes et creation d'une succession de 
trames de donn6es d'images representant une 



les trames de donn6es d'images moyennes 
consecutives pour la premiere longueur d'onde 
sont chacune m6morisees pour une duree de 
trame dans la premiere memoire de trames; et 
les trames de donnees d'images moyennes s 
consecutives pour la seconde longueur d'onde 
sont chacune memoris6es pour deux durees 
de trame dans une moitie de la memoire de tra- 
mes bifurquee des moyens de rapport. 

10 

7. Microscope a foyer commun tel que defini dans la 
revendication 6, dans lequel: 

les premiere et seconde memoires de trames 
et la m6moi re de trames des moyens de rapport '5 
ont la meme capacite predetermined; et 
les premiere et seconde memoires de trames 
enregistrent chacune seulement une trame uni- 
que de donnees d'images et recotvent chacune 
des donnees a memorise r immediatement 20 
apres que les donnees pr6c6demment m6mo- 
risees aient ete extraites. 
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dans laquelle: 

I'etape de balayage repete est realisee conti- 
nuellement; 

I'etape de detection est realis6e continuelle- 5 
ment atin que la succession des trames de don- 
nees d'images soit continue; et 
les trames de donnees d'images transferees 
vers I'unite de memorisation de donn6es per- 
manente dans I'etape de transfert refletent l'en- to 
semble des donnees g6n6r6es dans I'etape de 
detection. 

13. M6thode telle que definie dans la revendication 12, 
dans laquelle l'6tape de transfert comprend une is 
6tape de transfert s6lectif des trames de donn6es 
d'images vers ('unite de memorisation de donn6es 
permanente a une cadence de trames qui est la m§- 

me que la cadence de trames a laquelle I'etape de 
detection g6nere des trames de donn6es d'images. 20 

14. Methode telle que d6finie dans la revendication 10, 
dans laquelle retape d'etablissement de moyennes 
comprend les etapes de: 

25 

addition de la trame de donnees d'images ac- 
tuelle a une somme de trames de donnees 
d'images precedente pour produire une somme 
actuelle de trames de donn6es d'images; 
deiivrance de la somme actuelle de trames de 30 
donn6es d'images pour memorisation dans la 
premiere ou la seconde memoire de trames as- 
sociee; 

foumiture selective de la trame de donn6es 
d'images actuellement memoris6e dans la m6- 35 
moire de trames associee a I'additionneur; et 
pendant le temps d'etablissement de la moyen- 
ne de la derniere trame dans chaque sequence 
de trames d'images, division par un nombre en- 
tier predetermine de la somme actuelle des tra- 40 
mes de donn6es d'images produites dans I'eta- 
pe d'addition, pour produire les donn6es d'ima- 
ges moyennes a utilise r dans retape de calcul 

repete. 

45 

15. Methode telle que definie dans la revendication 10, 
dans laquelle: 



de trame dans la premiere m6moire de trames; 
et 

les trames de donn6es d'images moyennes 
consecutives pour la seconde longueur d'onde 
sont chacune m6moris6es pendant deux du- 
r6es de trame dans une moitie de la memoire 
de trames brfurquee utilisee dans retape de 

calcul repete. 

16. Methode telle que definie dans ta revendication 1 5, 
dans laquelle: 

les premiere et seconde memoires de trames 
utilis6es dans retape de memorisation tempo- 
ral re et la memoire de trames utilisee dans 
retape de calcul repete ont les memes capaci- 
ty predeterminers; et 

I'etape de memorisation repetee comprend une 
etape de reception des donnees a memorise r 
dans les premiere et seconde memoires de tra- 
mes immediatement aprfcs que les donn6es 
pr6c6demment memoris6es aient et6 extraites. 

17. Methode telle que definie dans la revendication 10, 
dans laquelle: 

I'etape de balayage repete comprend une eta- 
pe de balayage a travers I'echantillon dans une 
configuration de balayage recurrent; et 
retape de detection comprend une etape de 
creation de donnees rep repentant des signaux 
video pour chacune des premiere et seconde 
longueurs d'ondes. 



I'etape de calcul repete utilise une memoire de 
trames bifurquee unique; 
I'etape de transfert transf ere les trames de don- 
nees d'images moyennes pour les premiere et 
seconde longueurs d'ondes vers ('unite de me- 
morisation de donn6es permanente de facon 
alternee; 

les trames de donnees d'images moyennes 
consecutives pour la premiere longueur d'onde 
sont chacune m6moris6es pendant une dur6e 
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